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Abstract 


A semiconductor laser is formed of gallium nitride series compound semiconductor and has a double hetero 
structure including an MQW (multiple quantum well) active layer held between p-type and n-type AIGaN clad 
layers. The double hetero structure is held between p-type and n-type contact layers. An InGaN optical 
absorption layer having an optical absorption coefficient larger than the clad layer which has the same 
conductivity type as the contact layer and is formed adjacent to the contact layer is formed in at least one of 
the contact layers and an InAIGaN optical guided mode control layer (layer of small refractive index) having 
an refractive index smaller than the clad layer is formed on the exterior of the optical absorption layer 
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iS< . *-^^igB^Bl4^^^^-C't>1S^£I!ccO^V'>*^/i> ^' 7 -y 2? 

[0 0 06] tfz. Vy7^Tmm±l>ZGa.Nmm^X' 
mf&lfzV •y->'^SS*«^*^— !f«*|^. a 1 GaN^ 
y y Fi'MS!l<7)l;ffi3 y ^ b<7)/::*^c7)G a Nil^^^Jipfc 



(3) ttfgfWl 1-2 5 1 68 5 



[ 0 0 0 7 ] fi0*>, m\L:f)') "^A^^-ft^ife^^flj^fflC^ 

t COia t^-f 1. 3 y ^' M*^'G a N . ^ 7 y H Mt^ 
A 1 G a Nt'Si 0 , ^^®tlf$*^'G a N J; 0 <£< K^iS 

[0008] ^7t. i?7'yh'«<7)J'HffltI nGaN(503t 
(RlRl 2:f5(t 3 y i7 h ;i^cr)3t<7)2in 2: Kih-f.^ 
^SfiL F F P AJ+5i-tcWT'S)I.J*^T-t . RSiST'^ 

-mi,i:i.^dr<.iii*%ti.« ciT)^*. cD^DVD^ 

C 0 0 0 9 ] >5rfc , a-fbttlS^zifrTii , Hf7 r ^ T± 

±mx'\m^nxh^ . mvxm^Ga.ni,zit'<^m.\ ^ 

^j:^^':,tzmtmmxiimm^mi,zmi^^ti^cox\ Mtt 

L*»L. mitmmwu-'fxii. mmtixm 
'iicr>-fyr^7mmm\'^x^^icr>x\ -ismmuz^ 

^ 1. 3i?llf fS 1 2 oOhO t - 1 !> , 
[00 10] 

[*Hfl*^mLJ;aJ:-ri.iSII] ZOiXo^zm^. Itr 

^ x9^j:iL'\<r>%m^zmhis,L%\AM.. msx'm^ 

■f $:^?S-r&7ti6tC(S. Al G a N 7 •/ H^cOffi^^ 

w.^^zmLxmK-fmmimm-hzbi)mwxh^ 
^fzztihims.tmmmhtix\'^^j:\'^(oi}m 

^X'hh. tfz. mM^yi'-^hCDtzMZAlGafii' 

y y y=mmi>zmBMxmm(^^^'>GaNm^ttrz 
xb. mmkmmizx(,i'mmm'i-)'m^^x. ^ 



[0011] ^^mii, ±mmm^m,tx^j:^tirzi, 

< , F F P *<m(*tt^^ L . 3tT -f X ^? ^ h'^iO 
[00 12] 

[0013] ( 1 ) mit:^'*j ^j^ik^t-^^^mm^^^j: 
0 , 'ismimmMcom^j:h ^y -y ¥MX'm^rzrrll 

(la ) ^' 7 -y F Jf CO a *.ii'-=Sr < 1 1 ^ 
5 'y HBcO-«tt»i:S«fflt', y -y VmX 
^OftVMUXfl^ligtEgLT'Sr.S, (lb)^5-yF 
flco^ *>^^-^< fc t-*cO^ 5 -y h'ii(7)vSttltR»ii 
tc, K:5'7 -y h'iiJ: D i>)SJf*i7)ffiv^M;f*iI^ii'-=5r 
<i:t iJHEaLT^rS. (Ic) :?5'y K/ic^a*>^->^ 
< t> -U(r> F JlcOvStt;! i: SMiO t , 7 -y 

[0014] (1-1) TfcSlRJlii. I n A 1 G a NXii I 
nGaN;f)»(i>^:l.>ri. 

(1-2) itiJSiRiiti, 'yti:< b y -v YMmm 

(1-3) mmt^^mm<^mM. ^mmtmmff^m 
xiim^\-mmcomMi§^z^\'^z t . 

[0015] (1-4) :?'y;l^^f-n1iit{iay^'^' Mtc 

xmttiXii'o. ^m.mm^^y^i'hm'i'i^zw.wm 

(1-5) Ziy:}>^>hmii. I nGa.Nim.WStGa.Nt 

<^mm-mm.X'hhzt. 

(1-6) ffittiJi, #a«i^#FiSjiT'j>i.it, 

(1-7) ^y-yvm^zmtx^mmi^ML. m.m 

t, 

[0016] (1-8) ffi®*f^Ji{4, I n A 1 GaNXfi 
A 1 GaN*»^>'5r l>::i:. 

(1-9) w&-t^m,^^m<n^Wi. m,\ixmmtmm<r> 

2.*^X(4fi/hoWc7)i^#Jicf^lC)ev^C:i:. (1-10) ffi 

St/f^l^ 3 y ^' ^' Fiil'tciEE-r ^ vi t . 

(1-11) nyrJ'i^FlAv Al GaNW;r*ltGa 

N(r>mm-m&x'h^:it. 

[0017] ( 2 ) g-ft;!f y •^A^'fk-^WSS**^'^^ 
0 , vSttiiSr«^<0S=5:l. ^ 7 -y FiiT'fil5^fi:/7';^ 

f\T'omm.t:^th^MWv~i'hzii\^x. m^mm 



[0018] (2-1) itWmcr)-U\i.. ^ttliF#F« 

(2-2) m.m<r>T-msm.\i. ixi oiscm-sjjui 

[0019] ( 3 ) S-ft^yj ^M.mt-^^^MWi)-^(:>^j: 

[0020] (3-1) 5fe®JR«{iti1^T^j3ic$iX. 

Sccoav 0 . 2 I. ; t , 

[0021] (3-2) nm-ti''2-^(r>2itJk<m^-^'^^ 

v^jiots^gi^t iT^av^A^'o . 2 %iiii*if S).?. J; 0 t-e 

[0022] ( 4 ) g-fLtl^^®**^4> =5: D , \mm^ 
— f llfcv^T. BuiSvgttilcOA'yHdf^ •xTj; 0 

^y;k/\rofii3tj: 0 %,mwmz.mmi^ixx\^i.^ 

[0023] (4-1) :<^m&<r>^mz'kmm:M\^. 
'mm ^^Lx-it-mmkhmwzmsmm^ o # 

(4-2) %mmt'mm>L<^^m>'^. 'k'mm\Lm.m 

(4-3) mmti^m&'f'^Fmm^i^^j:i>z t . 
(4-4) ^^mmmcomm^z^m&'i'^pmmi^hKch i 

[0024] (5) pnm-^mi&t^xoizmm^ 

mmt . mUp nm^izm,^,mm^ i. o i,zmmm 
mz^^^ixfznmm/pmnMt i:mttz^^\y- 
^\,z^\^x. mmmm<r>mmMt(r)m^u'ifi.z. a 



1 1-2 5 1 685 

[0025] ( 6 ) 'ismtim^'^ vmx-mtix. mi 

A mifi^ y y YmX'^ttltzmm:mi.fzm\L^'') ^ 
J^Mt-^^^mm-i^^£h^W\y-fi<zi5\.^X. (6 
a) mWtil'A Ym<<zr)\^X. p{iX?M Fil*^'nfflX?'-f 
Hl<tOi>jSV\ (6b) miS^'^'yH/ltCOl^T, pfflj 

[0026] (6-1) ^^'^ KlJi, pSWW H«*5o . 
0 2Mm&.TX'hl^t. 

(6-2) ^^-yHWis Pfflll^7-y K1*^'0. lAJmJilT 

xhh:it. 

(6-3) ay:?^' bStCOViTpffllny^'^ Nil*^'niJ:? 

sumaTxh^zb. 

(6-4) 3t;^rM Hffltcov-i-r, ;^''f nGaN 
XltiA 1 GaNTS)oT. I nX(iA 1 cOfflJ^c*^' 5 %tl 

[0027] (f^ffl) 2ts||Bj ( 1 ) izxixif. yyji-^ 
Tummmm-h 9yy FScovSttitsMc i n 

GaN^£7)3t[RlRJiX«i®J-^*<7)ffii,^A 1 GaN^Offi 
G a N^coa y h JffftCjttSiRlSriSttl. .1 i: t J: 

[00 28] tfz. ny^-i^hflcftCTttKJRlXfiStff 

SrWJL. §f>tcrjy^^hJI*i@1S^«jii::fr|,>Ifc 
i o T . ^' 7 -y A-'^-^ < 

t^^'^^t^O. CD^DVD(7)7fejii:LTfflt^.?>li-& 

jh LT . J: 0 ^ffltM L/C V-^%=^^^m-h C i: 
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X'%h.imim%^m^ts:\.^%-^. NFPS:£|>tn 
S3y:?^Ml 1 2lC7fe**:*:#<?ini.*<. nSny 



^9Vm\\2 \.Z%W3M 1 1 4 iilA'3fe«jS=&- KfljiJIJII 
11 1 3S-i5(t7'cii^, nSay^'^'Ml 12^<03t 

[ 0 0 5 6 ] mm^x\tv?v\.i.'^m.-km- 

if. CICOJ; p^^i$tt{4p-GaN3y^'^ Ml 2 
3, n-GaN^y^'^'Ml 1 2^3fc*^'jitlffiL. S 

*^]5Smit:ck.2.J:olCnMay^^Ml 1 2* 

t^tisiRi 1 1 4mmm^- mmm 1 1 3 mn- 
[0057] §<ot, mmi i4m\fxi,. v- 

tLl,, — :5{4, 3 y^^' Fill 1 2 4't~^-F$iJ»ill 
1 3Sr^^raPStcEgL, ft<J:^-Fc7)3^*^Wi.^:tr 

mxhh. mmmi 1 4X{4^-F$wfli 1 3*ij^ 

mi 1 2+t^-F$iJffllll 1 3$:^rBlPitieSL. ^ 

gtfois<xt- Fc7);?i*i»4-ri. J; -5 iiz-fh-nwx'hh. 
[0058] f^*io:^ffif <±. FC J; i.%ig{4 

h^itLx\yyxm\,zi. h 7 :>[-:^xt^iffhtz)^. 

h^tmk't - \^<^'<m.i:i^\^~^%mmzm < 
ztimtLK^w ay^9hmii2'pi,z±\>mm 
1 1 4Xii.imtfrmmi}'^^j:^'e-mmm 1 1 3S:^ 

hzbifx-^h<r>x\ -md^'^-Y<D'dmim'&x'^. z 

[0059] i-xhco J: o ^z Lxwzi^mtmmn^mw 
v-^^i. 4 2 0 nmw^(r)m^x'm§,mm,%mL. ^ 
«o L- # V ^ji{± 1 k A/ c m2 m^x'h 'o. tfc u-i-'^ 
istc (t s F F p im^x'$> -o fz . 
[0060] (m3<Dmtmm) msii. *%Bfl«s3 
<7)mmmi,zmhm!^mi^\^-i-'com'Fmmi7r^t&m 
mx'h^. '5r*3. mi tm-mi^zim-^^mL 
X. ^(Dnummmt^. 

[006 1 ] -9-7r-f 7ffi«±l 1 Ot, GaN*»4>:5r 
|)^N'-y7rll 1 1, S i F-7*c73n-GaN>^»<c,^|, 
nSny^'^'Fll 1 2, S i F-7*(7)n- I n A 1 G 

aNi}-t,^^hnmtm^=t-mmmii3. may 

99 Ml 1 2. S i F-7'c7)n- I nGaN*>(i^:l> 
nSJtiSlRll 1 4, S i F-rc7)n-A 1 GaN*>^5 
^rl)nS:77 7Fll 1 5> S i F-7*On-GaNA^ 
'o'SrSnSX^M Fll 1 6« Si F-7*On-A 1 Ga 

m-^htsih ns»»si 117, -en-fiioJi^jin 

OnmOT<7)2ffl^OI nA I GaNlcr)^0)iLT'<t 
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^^rihmmmf}-^^j:i$'m&=f'^F (mqw) 

*^^>^rl>MQWvg1411 1 8, Mg F-7°c7)p-A 1 G 
a NA^^j^l. pSfSMIMii 119, M g H-7'<7)P - 
GaN*»;^^|.pl;*M Fll 2 0, MgH-7"c0p- 
A 1 GaN*>^>^|,pM:?7>y Fill 2 1, MgH-7" 
(7)1 nGaN*>A,^:SpM3fe®)Rif 1 2 2. Mg h'-7° 
(7)GaN;6^A,^|.pa3>^:7 FSl 2 3. MgK-r 
cOp - I nA 1 GaN*^fe^|.pS*^S^-FSlJffllJi 
124, pM^y^'^'hJll 2 3A^m;fiffM$ix-CV'. 
I.. 

[00 6 2] ^-LT, pSny^'^^hfll 2 33Ei^<i>na 
ny^^- Ml 1 2c7)^4'^Tgg^Wlx<yf-y7"§ 
tl, HajL/cnMay^^'Ml 12c7)^ffiWiniil: 
®1 2 etim&^ti. -^TpSny^i? Ml 2 3±tc 

P mmm 1 2 5 A^m? v , 

[0 0 6 3] 7K©lRfll2 2&Ufl 14(COV^T{i, I 
nfflfi!cA^'vSttl#Ffl I nfflfigj; OiSV^i t^^MS tV^ 
*\ ffiV^^T'i#®^JS^iKft^«?ll;S F-h°y /-f 

i«<-r'i>t<7)t-r.&. 3tJ§«^-K»jfflisi 1 3X{ii 

2 4(COV^T(i:, TttRlRJll 14SI>'1 2 2tnmi>Z^ 
lR^»s;^V^icoS:fflV^i.*\ ^L<{iA 1 GaNSrffl 
V^Tmff$SrGaNJ:Otffi< Uzi^mm^'-^lZtt 

[0064] 18 Tii, vmmm 113,1 

2 4SrnM3y^^'hll 1 2 i: pMn y^-^ M 1 2 

s+^c^ilistfcv^l,*^, i:-^4>*»-:^-c-tfflt>^v^ 

L, 5fc^iS^-K$iJffll^l 1 4, 12 2S:21JiLliiS 
(t, ^R(f3y^'^'hl2:A 1 GaNStX/XtSI nG 

a N t G at^<7)mwirmmb ifz^i^mmimmx'h 

4, 1 2 2i:3t^*t-H$Wai 1 3, 124<7)i:*, 

11 1 4ai//X{il 2 2*%<, GaNny^'^'hl 
1 1 2+t3K^jS[t-HSiJ«l 1 SifimiiXhh^ 

[0065] i^%mimi,zmi> x o t,z^ mmm 1 1 
4,12 2m/x^mmm.'t- Yvmm 113, 12 

4 SriSttTtii^ti;, A 1 G a N 5 -y Hrai?*q^+:Ji-t' 
3fc*^'3y^';?Ml 1 2, l2 3><zLih-^tmRX'ij, 
■nyi>^Ym\l2, I23^z%t^±^<mixhzbi 
l!S±L, ^iF<X^-HtJ:l.l%li$-ffP0JttFFP^W 

tc L , L # V «-r ^ c: t *>t-# I. . :i^mmm^ 

fflC^^V^JS-^, NFPS-I.|,i:paay:?:7FJil 2 
3, na3y:J'^'M112Ct;^aiLTV^'l.^t*i^ 
CICIT-, 3y^'^'M112. 123t5tPRHXii 
114, 12 2ai>'5t««*- HSilfflll 114, 124 
imfzi%^.liF?i%htoy-99Vmil2, 1 



I., 

[ 0 0 6 6 J t^^fflittiiF FP«i^*$ttS:^-r 
i)K c:<0J:^=5r^ii$tt{±P-GaNr?y^'i? Ml 2 
3, n-GaNny:5'^'Ml 1 2'\7t><)^mtiit, i« 

L, *||SimitJ;I.J:-5t33y^':?Ml 1 2, 12 

3 tftit^iRi 114, 12 2mj^m-^^-mmm 

113, 1 2 4 S:ig{t/iJi^, FFPJimnti:^!). 
[ 0 0 6 7 ] 2|s:|Q©e®cO J: 3 1= pM3 y^ ^J' M 1 2 

3 , nSri y ^ M 1 1 2 (mniizitcnmfiia^m- 
H^jt , SB RiijtcT) J; -5 p mx-m^icownti^m. o a 

[0068] liLhO J; 0 tT#7t*^SSff^.^c;)*®ft 
f(i, 420nm#iacO^*fSia3i^||SL. ^ 
iOL^V^fiJil kA/cm2 OTTfeO, ifcl/— 
litCfcftl. F F PJiWT'J)-:)/^. 

[0069] {w.A<^mmm) m9\i.. ifW^<7iW.A 

mx'hh. 'Srfc, mi tm-m^z\m-^wiL 
X. ^<r)mL\mmitm-th. 

[0 070] 1 OtC, GaN*^^>^ 

S>'S'-y7Till 1 1 , S i F-7°c7)n-GaN*^<i>^l) 
nSny^-^^Ml 1 2, S i F-7-On- I nA 1 G 

^^'M112, S i F-rc7)n- I nGaN*»^>^l) 
nS3feMill 14, S i F-7°<0n-A 1 GaN*^^ 
^l>na:?7>yFll 1 5, S i F-rsOn-GaNji^ 
^>^rSna;;y>f Fill 1 6, S i F-Tc7)n -A 1 Ga 

m^htch nmmmmm 117, ^it-?-'ixc7)ii§;on 

0nmIilTcO2^<^ I nA 1 G a NJlO^ OilLT-ffl 
)£?ix.g.J^SB<i5S*^4>>5r.&^M:^#F (MQW) ffiit 
*^4>^|.MQWv£ttJil 18. MgF-r<?)p-A 1 G 
aN*>^5^l>pSfi)^I^Sl 1 9, MgF-7"c7)p-G 
aNA»^>^|.pS;^M Fill 20, Mg F-7*<7)p -A 
1 GaNA^^>5rl)PS^'7-y Fill 2 1, MgF-TO 
I nGaN7!)-^>^SpM7t®lRJll 2 2, yyF-7*X 
{iS i F-7°C0n- I nA 1 G a NA^/i>^l>€S7''a -y 
^Ji 1 2 7 , y y F-7"X{iM g F-7'C7)p - I n A 1 
GaN*^f>^:S3£®&^-FSiJfflIll 24, «?Jil7D7 
:?11 2 7 !!)^fiS;:RJg)S;§ix-C i ^1. . 

[0071] nmz%wA=i:- Yvmm 1 2 a i^tsn. 
myu'v^mi2i{ixhy^rmz'^u^ix. ck^h 

□a5ai>'^8S7'D>y^';il 2 7±t{i, MgF-7-OG 
aN*^<i>^|>par?y:5':?Ml 2 3, pS^zi*^- 
F$W;il24, pSayr^^'Ml 2 3*««ftJ^Jt? 
tlX^^h, ^-LT, -eUT, pSnyrJ'^'hll 2 3*» 
/i>nSny^':5'Ml 1 2(0WPtX'W'^mzX'yi-y 
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iiaSgl 2 6*^Jgfig$ix, pS3y:$'^' Ml 23±tc 
P (iJlffi 1 2 5 t M> , 

[00 7 2] 3t?RlRiil 22&lA'l 14toV^T(i. I 
nM)t7!)^IVIQWvgttiI 1 1 ScO^Wm I nfflfiitJ: OSV^ 

11 1 3X{il 2 4^^ov^T{i, 3t®iR«l 14StA'l 
2 2 1 Ills ti®iRm*^iSc ^^>^O^fflV^|,*\SL<{i 
A 1 GaN5:fflV>TSt)f$^GaNj;'5i>ffi< LTti^^T) 

[0 0 73] [19T'{±, 5K^«^t-h'SlJfflJl^pM3y 
^9Vm\23. nS^y^^'Mll 24'tC#ll^ 

{ilcSyD -y ^JiSA 1 G a NRXZ/XH I n G a N t 

fgfj)!.. tfz. 114, 12 2 

mmm us. 12 4 o t-*, /i> A>-:^/::(tSriSttl. ^ 

t i^m^x'h^, mum^m 1 1 4s.tA'/x(i 1 2 

2;i%<, GaNny^':? h/ll 1 2. 1 2 34't7fezi 

mmm 113,1 2 4*^m(fcj>i.«-^t^i 
[0074] ^mtmmi'ZfUfi j; a t7'n -y 1 2 

7Sl^'/X(i3>-^'^ Ml 1 2, 12 3+tc3t®iRl 

114, 12 2Rr//xit^mm=t- vmmJ§ 113, 

1 2 4 S:iS(t/t«^{i. A 1 G a N 7 •/ h'ii/i*^'^+ 
^X'^i}-zi y^'i?Mii2, 123 L^^tti-r^rRT 
t,3y^:7M112, 12 3l,ztftti<±%<mtlhZ 

tm±i. ^iX'e-i'^zxmmmmixFFP^ 

12. 1 2 34't5KtSiRiIl 14, 1 2 2S,t;=^31dSjgt 

- mmm 113, 12 4 ^i^ttTtit-^, f f ptim** 
[0075] JiLh^7)j; 0 i,zixnfz^mmm<7)^m 

U—fli. 420 nm#3fi<:oa*T-S?a3l^%ISL. 
cOL#V^il(i:lkA/cm2 WTt'$)0, ilJtl/— 
S ttJ (tl. F F P ii WC* fz . 
[00 76] (Il5<:0l|jgjefl) 01 Oil. 

ffliax'?)!.. =6:*3, mi tn-m^z^m-mini 
X, ^comu^mmi^-r^. 

[0077] 5ttc|JiH^L;^cm40llM^®i:OjSV^{i. 
M^am^fj^p-A 1 GaN:^' 7 7 h'ii 1 2 1 X'^^tiX 
^■^IZtX'hl. rO'x^'Jil 2 7(iS i H-rc7)Ga 
NXJiMt L<(i:S i H-TCDA I GaNXJil nGa 
NT-$> 0 , ^7 Fii 1 2 1 cjit^^lRii 1 2 2 A^IStt 



^>^^TV^§, tfz. 3y^'i?Ml 234'tCl nGaN 
XtSA 1 GaN*>^>^|,zg}!fe^-KWJil 2 4-6iiS(t 

[0078] pfflllCfcV^Ts 1 2 2aV3t^jS 

^r-FSWll 2 4&7'n-y;?ll 2 7SV3y^^' h 
1 2 3J14'tciS(tl.>ri:tcJ:'9, F F PtfOmit^LSrjifig 
-r-5)^fc*^'t'i. 7n-y^ai2 7, ziyjf9Vmi2 
3A.c7)3ttfOt;^^ttjL2:fSSLT. L#V^filS:Ttf l.^ i: 

[0079] *^Jfem^tci5(tl. J; 3 tc. *®1RS 1 1 

4,12 2mf/x\,mm^=t- Ymmm 113, 12 

4^i5(t/v:ii^{i, T^^^'ny^^ Ml 1 2, 12 3X 
(±€?)57'o -y i?ll 2 7 L^^/^iii-ttfc^^lTt . ::^l^><?) 

56fi^}rp$")LTaSg«FFP^Wt3L. L^V^ffl^ 

imthzbifix'^h. tfz. ^M*fflitT■^±FFP{i^ 

«*tt*^-rA^'- ^COio^^^tttlilp-GaNny^'^' 
h®123. n-GaN^y^;? hai 1 2^7t^^'Sit 

1). L*^L.. 3|5:|IIifem^tcJ;I.J;^tc:3>':?'^'h;il l 
2, 1 2 3 fft-TfeWll 1 4 , \22'm:^%W&'^- 

Y%mm 113, 124 &iS(t7t:ii^, F F pf,imt 

=5:1.. 

[0080] vxi.'m 0 [z Lxntzifmmm<^^mw 

V—f\t. 4 2 0nm#3£<7)»:St-^ffi)i^^JiL, 
c?)L#V^ffl«Sl kA/cm2 lilTr*)D, Sj^cU— 
Jitfc(t'i> F F P(i*il*-C'S)o7t. 
[ 0 0 8 1 ] :3r*i. ^Wmiy^Ltzm 1 ~ll6c7)^J| 
m^tPS'^ix-i. iOtmv^ SSJilf 7 r ^ rtcRSI. 
tC0t1±^<, Si, SiC, MgAlj O, , GaN 

tsiii^mm^^x'hh. tfz. ±mmi,imimzi^L 

TX:f;l/df-;^f>.y7'*vjN${th.a'Ga I n A 1 BNcO 
g , S i l,zm(^filhcr>X'l,i^j:< , ?gttJi*»'?.i031dt>^ 

hi,z. mm'^mm. mmt'izm^x^i. :^mncom'^ 
[0082] (mecomtmm) h 1 1 (i. 

[0083] I14'20 l{i-9-7r^rfi«T'$)0- ClcO 
ffi«201±tc{i:, n-GaN3y^^ M202 (S 

i h'-r, 5Xl0i8cm-3, 3A(m), n-Ino.z 
Gao.8 N3tiKlRJi2 0 3 (Si H-r. 5xi0i«c 
m-3, 0. 1/^m) . n-A 1 o.o8Gao.92N:77'y K 
12 0 4 (Si Y-r. 1 X 1 0'8cm-3, 0. 8;u 
m) . n-GaN3t2$iSii2 0 5 (Si F-7', 1 X 1 

(3nm, 51) i: I no.02Gao.98N|5$Sii (6n 



(10) 11-251685 



m) *»<;>^2,#aft^#F (MQW) vSttl20 6. P 
-Alo. 2 Gao.8N=if-vy7^-^N'-7D-llfiii:12 
07 (20nm) , p -Ga N^t^Sif 2 0 8 (MgK 
-r, lXlOi8cm-3, 0. lum) . P-Alo.08 
Gao.92N^'77 F1209 (MgK-r. ixlQi' 
cm-3, 0. S^tm) . P - I no.2Gao.8 N3tPRllX 
1210 (MgH-r. 5xlOi8cm-3, Q. Ijx 
m) , p-GaNay:?^' M2 1 1 (MgK-7*, 2 
XlOi8cm-3, 0. l;/m) 7!)i;fiS;*J^fi!4$n.TV^|., 
[0084] pa3>'^';5'M2 1 10^H!0^<^nM3 
y^'^' M2 0 2<^jt4"tt-;^b7'f7*ttc7)^-9-$-SL 
TI^4$iX, Sofc^HfiOiJ^fcJi, p-Alo.osGa 
o.92N«S7"n'yi?a2 1 2 (Mg H-r, ixlO'' 
cm-3, 0. 1/xm) , n - I no.2 Gao.s N^©1R 
12 1 3 (Si H-7°. 5X 1 0i8cm-3, 0. 3;U 
m) . n-GaNS?iyD'y^l (S i K-r, 1X1 
Oi8cm-3. 2x<m) 2 1 4 ^ilgftJ^^^flTt^l. , ^ 
IX. ;<tf±g?at/nafl;BS7'D.y^jl2 14±tli:. 
p-GaN3y^':7M2 1 5 (MgK-T, 2X10 
i8cm-3, 0. 2Mm) !!)<Jt:ftJBJ5!c,$iXtV'>l.. 

[0 08 5] tfz. pM3y^'i?M2 1 scomm*'^ 

pSlBS7'n'y:?12 1 2ST'*^-Si5i?*$ii, SffiU 
/cnlr!y^':7M2 0 2±tA 1 /T i /Au*>^>^ 
lnmVM2 1 7«%M§n, -:^rpSny^':7M2 
1 5±{C{iPt/Ti/Pt/AuA»/^^l>p(im2 
1 6*^■JgfiS;§i^-CV^|.. -etT. «ffi2 16, 2 1 7*^" 

(CS i O2 ^mm2 1 8*M§ixTVM), ^fc, MQ 
Wattl2 0 6cOii{i4A(mi;LtV^§. *7t:, #^13 
.^^LTV^^V^*>^ Ix— f^taiStWctiT i O2 /Si 

[0086] :^mmmmxn . im^^ o . 5 m mcoii 

LI=l^illSSl7 0mA, ^li«*4 2 0nm, il^^ 
mE5. 2Vt'SS31^^Jit;t:, $(^tc5 0'C. 5m 
W»{3fc(t^«?^ifir{i:5 0 0 ommULkX'h-ofz. 
tfz. F F P it^HW-n 7 ° . Silft 2 2 • t-#«^i7) f- 
^'•C-S>0, $'ot^^;SllM{i:5xinit/jN$<. ^tr^X 

[0087] :¥mmmmi^-i'(r)^. MQwmm 2 

06^jKOA 1 GaN^77 Kl 2 0 4 Zlt>' 2 0 9 (^^-1- 

mi-zimm^zmm^j:G a ni*<j> i. Ktis 

zSjSt'J>l.*^\ A lGaN^7 7h'12 0 42^1^2 0 9 
mm'^<^^!^iii Uz^zM L-t I n G a NTtCRlRl 2 
0 3^it>'2 1 OtCct 0;g5?Xt7)Sil««^- K{i?i^a*«;'c# 

<:5ri.. tfz. ■^^myk'^1:mzi5i^xhRmmmm^z 

^^^ilK n-Ino.zGao.s N7t®lR12 1 3*<i«y: 

^y^z^j::h<DX\ ^gttJiS$-jS*SJe4T'«< L^rt^f 
t , SlgSSrtt'0^ffl*<ft«f§:^itn(:Si:t;:'5: 0 , f f 



0. 4xzm@Scoi^V^Jg141ii<r)$iJ|jp*i:fST'S>SO 
X\ mmi&^f ^ X 9 lyX^Mzmm^msi^MW-V- 

[0088] ^h\Z. n- I no.2 Gaj.s N^tRlRl 
203. P-Ino.2 Gao.s N3t?R)R12 1 0 

n- I no.26Gao.75N ( S i K-r, 5X 1 0 
'«cm-3, 3nm, 1 01) #Fili: n - I no. 02 G a 
o.ggN (S i H-r, 5XlOi«cm-3, 6nm)P$il 
l*>4>^l.»^#Ffi|ji3te®lRl, p-Ino.25Ga 
o.75N(MgH-r, 5X10i8cm-3, 3nm, 10 
1) #Fli:p-I no.02Gao.98N (MgK-r, 5 
xl0i8cm-3, 6nm) PtMl*^^>=5r^*?#Fffijt 
3t[RiRltt^;tl.Ctt\ FFP{i7j<¥:ft7' , m.fi 
2 0* f*fi«f-:?t. ^™il{i3;L<mt^^K#T' 

ti. I nfflj3)cO;'^^V«lRl$-*ir)f<tl.tl*ia5 

^h.im\-^(r)\zn\.. *?#FffijSt-r^itT'¥iitt 

[0089] {w.i<ri%mm) m\2\t. i^mm'm 
7 <^mmw.z\%hh^^^^wv-^(r)wmm:^ 

[0090] ^%im%im 1 1 X9n^tihw.b<r)'$m 

mW-znLXWjih^it. n-GaNay^'^M20 
2*Sn-Ino. 2 Gao.B N7ttKliX12 0 3 tC. p-G 
aN3y:^'^'M2 1 1JS:V2 1 5*^'p- I no.2 Ga 

0.8 v^±wm2\^^zm.%^7LXhh^txhh.^ 

r>X. n- I nO.2 GaO.8 N3fe®lR12 0 3Slt/'p 
- I nO.2 GaO.8 N3tei3SlR12 1 Q>\t=m,WMtW^ 

[0091 ] i!?mmm:\t. ftli«l*0 . 5 mmc7)*| 
L|iV^ffll;ffi7 5mA, f6®iS:R4 2 0nm. Sj^t 
Iff 4. 8Vfgia3i^mL^^, S-^tC. 5 0'C, 5 
mW|BE)ti5ttl.^?»fife«i5 0 0 mU^XLXh'y 
!t. tit. FFPJi7j<TO5° , SIM 2 0' t'*«i|t<7) 
f-^'t-$>'), $4>t^^;iilll&«i4//mt/]N$<, ^tr 

^x9m izm uz h- AttttAqf /i>ii/c , 
[0092] ^i^mammi^-wk^. MQwvgtti2 

Oe^mtiA 1 GaN^'77H12045.t>'209O^'h 
imzii^m^l^Z^ lXmWj:C a Nm n - G a NlSil 
7*07 ^12 1 4<D^tfihhfz>sb, ffi^-h'm^6cO|l 
m^i: |5]«etwK^jSt:'S)l.*i, I n G a Njt^lRKc 

X 'os'Ac^m^i:- \<ii^-^i,zmm^-thzt *«t'# 

m 6 cOHSSJ^lCif^T t . F F P Ote*^' 0 :ftOjfP 

I nGaN3fe©lRJi2 0 3ai>'2 1 0*Way^'?'h 
lS:3Rial.c7)t\ lgtt!gCi*^'pil, nSWtWOffiJ^ 
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[ 0 0 9 3 ] ^fc, ^ma^^uz^e-^mimm 
mmizmihti^ij(DX'ii^j:< , mmt lx. si, si 

C, MgAlz O, , GaN^t'tjSffl^fgt*!). t 
§ftiX{i'Ga I n A 1 B NcOffiSffifigf^V^, tf^. ^ 
^r<, 105 cm-ig^<7)iSiRfSMf'=>iiix{f« 

[0094] (mscomtmm) misa, 
tmmmx-hh, 

[00 9 5] H^cOSOOJi-^-^r-YTSKt'^O, ^ 
c7)S^3 0 0±tfi. A 1 N/I nN*ifS^A'.x7Tl 
30 1 (7yH-7'. 4xim. JI$<7)itA IN: I nN 
= 8 : 2) , n - I no.i Gao.9 liay^^hMSO 
2 (S i K-7'. 3~5X 1 Oi8cm-3, . n 

- G a N/G ao. 85 A s 0. 1 5 N^S*g^-3l6®IRii 3 0 3 
(SiH-T, 3~5X 1 Oi8cm-3, Q. l//m.l? 
$CO]tGaN :GaAsN = 8:2), n-Alj.s G 
ao.7 Ni77 / F13 0 4 (Si H-7°. 5X 1 O'^'c 
m-3, 0. 3/JLm) ^ Ino.zGao.s Nvgttil3 0 5 

{ryv-r, o. lum) . p-aiq.s Gao.7 n 

^7-yh'/i3 0 6 (MgK-7°, SxlO'^cm-^, 
0. 3//m) . p-GaN/Gao.ssAso.isNSfS^ 
7t®lR13 0 7 (Mgh"-7°. 1 — 3x 1 0'8cm-3, 
0. l//m, JI^cDibGaN : GaAsN = 8 : 2) , 
P-Ino.i Gao.9 Nny^':? bJlB 0 8 ( MG F- 
r, 1~3X 1 Oi8cm-3, 0. lum) i^^^m^-^ 
tlX\^h. ^m3 0 2-3 0 8cr>i^^B&mi, MOCV 

[0096] ±ie#i3 0 2-3 0 s^DfiK^f*. psm 

3y:?^7M3 0 2t^tl>*t'X.y^>'/S:ffv\ ^ 
V^TifeEty-;?ia5rI5ft<'fci^cOS i O2 imtz. 

^l^iL, pM, na<^m®^J®3 1 1 , 3 12^^« 
Lit. 

[0097] pS. naStGaN/Gao.86Aso.i5 
N@fg^7t(Rl|3yi3 0 3,30 7{i, A 1 N/ I n N® 
-y 7 Til 3 0 1 ttS^S-^ LTfc 0 , vSttl 3 0 

5*>A,^-itf,ixl,3tc7)x^^;UJf-J: 0 t/h$:5r^N'y 
^r^rWr •& I nN^-&^T't3DC:c7)/l^^i3V^Tm^t 

[0098] *IIS6Jg.^OU-ift'{i. OfiS 0 m 

Ax-mismmmuz, m^^ii4 2 o nm, ss^m 



^V^ia^^cOlg^cTjl 0 0mAtJ:b^8 0mAi:fK<=5:-5 

m^mx'ii 2 oco t^- :? -:> 7t t , i^mmmx' 
(iiocoh-^tc^D. si::^r(*]co*€its^^i4* t^fc 

[00 9 9] i;/^. ^lUJifea^BfiJc^ft^rffifcLTMOCV 
DS^ ffl V>/i*«M B E ST'i) ^1. •> . 

[0100] {m9(7)mmm) @ 1 4{i. :^wMcom 

[0 101]-9-7r'frffi«32 0cO±tC. AlNA-y 
7rJi3 2 1 (ryK-7*. 1 0 nm) , n - I nj.i 
Gao.9 noy^9Vm322 (Si h'-r, 1 X 1 0 
i9cm-3, 3x£m) . n-Gao.97Aso.03 N31^©1R 
13 2 3 (Si F-7°, 3~5X 1 OiScm-^, 0. 1 
um) , n-Alo.i Gao.9 N^'7'yH1324 (S 
i K-r, 5x1 Oi7cm-3, 0. 8;um) , GaN^t 
Wta4613 2 5 (S i F-7', 0. l^<m) , In 
0.2 Gao.9 NvgttiI3 2 6 (S i H-7', 1 On 
m) . GaN3tHtiii6/i3 2 7 (T>-F-T, 0. 1 
um) , p-Alo.iGaj.9 N^7-yKJi328 (M 
gK-7°, 5X 1 O'^cm-s, 0. Sum) , p-Ga 
o.97Aso.o3N*®lRJ13 2 9 (MgF-r, l~3x 
10i8cm-3, 0. lum) . p-Ino.i Gao.9 N 
3y^'^'bil3 3 0 (MgF-7°. l~3X10>8cm 
-3, 0. 3um) t)^^m>^^flX\'^h , iiX(i 

[0 1 02] -?-fC. pS:3>'^'i7 FJ13 3 0CO«H*^ 
t,nmoy-S>'?Vm3 2 2t3ttl.*t'-gP*sx-y^y 
j/tJ:^TIi*§^t. IH5*$*l^nS3y^'^'FiI3 2 
2 ±tc«i n Wmm. 3 3 2 ix. p MnM 3 3 0 ± 

icti p ffljffiffi 3 3 1 flT I. . ttz. mmSP 

SrlM^<^fflK(i, 'J-c7m5itSrl%<'^ci6c0SiO2 Jgii 

m3 3miSL^tix\^h, 

[0 103] pM, nmMz. Gao.97Aso.o3N7tPK 
11X13 23. 3 2 9^^Si^«^(iI no.i Gao.9 Nt 
*S^S^LTfcO, m'&.m3 2bi}^t>m:htih^<r>Ji 

[0104] im&.<r)m=fX'>,i L # ^(i8 O m at-s O 

'ctx-mmiLfz. %m^m3 7 5 nm, ffls^m 
a)X'L^\^m.i,m<. mmmim^x'ib'o%<r)micr> 

[0 10 5] (miOO^Jlfim) lai 5{S, 2(s:^Bjo 
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[0 1 06] ll4'c^340(i-t7r^rS«, 341(i 
n-GaN>S-y7Tffl (TV h'-r, 0. lum) . 3 
42{4n-Gao.9 A 1 o. i Sbo.i No. 9 ay^i'Y- 
Tt^lRl ( S i h'-7', 3~5X 1 Oi8cm-3, 4/< 
m) , 343i4n-A 1 Kl (S i K- 

r. 5X10i7cm-3, 0. 3//m) , 344{4n-G 
aN7feX7-f Ha ( S i K-7'. 5xlO'7cm-3, 0. 
1/zm), 345m no. 3 Gao.7 N/GaN^fift 
?-#F?gttii (rvK-r, #FS2nm, 1^8114 n 
171,^7^3), 34 6{ip-GaN3e>i7M HI (Mg 
K-r, 5x 1 Oi^cm-s. 0. I um) . 347(ip' 
-Al GaNi^^vFii (MgK-7*, 5X10'' cm 
-3, 0. 3xim) , 34 8«i:p-Gao.9 Alo.i Sb 
0.1 N0.9 ny^'^HitiSCKMGK-r. l~3x 
10i8cm-3, 0. 5Mm) . 34 9J4n-GaNjim 
Pfllii ( S i K-7*, lxlOi8cm-3, 0. 3u 
m) . 350i4p-GaN3>'^'^M, 35U4pffl 
mS, 3 5 2{iniimffi"r'&.S = 

[0107] im:)j-mi. }^<?) i ^ ic^-?Tv^i), t&ib 

ICMOC VDfttCj; 0 n -G aNai:fSaJl3 4 9 tT- 

fig:iU'ecof*s awMJis o 9co±^z-^y * h y y 

GaAl Shl^^mmS 4 8tmtiithtX'X.'yi-y 
i/ind, }X^-^X\ p-GaN3y^^'hl3 50S:Bii 

tpM^y^'^' M3 5 0±t^pfflimffi3 5 1 tm&t 
[0 1 08] *^StJgffi<?)^-if{4, t$V^ffl20mA 

x-mum^muz. mm^ii4 2 o nm. i!)#mE 

{43. 8VTS)-5/c. 

[0109] (^11 O^mi^) 01 7{4, WJco 
^1 l(7)^l5l».^lCtol.#fe^^*U-^'^S<^i!lS& 

[0 1 10] [2't'C^3 6 0l4p-SiC»K. 361«4 
P-AIN/I nN>'\'-y7rl (Mgb'-r3~5xl 
02»cm-3, lum. Jf^cOJtA IN: I nN = 0. 
7:0. 3) , 362{ip-GaN/Gao.9 Pc. i N 
litS^TtffilRii (MgH-r. lXl0'9cni-3. 0. 
4/zm. JI§£7)JtGaN : GaPN = 0. 7:0. 
3) , 3 6 3{4p-Alo.3 Gao.7 N^7-yh'ii (M 
g K-7*, 5X1 0i7cm-3, 0. 3um) , 3 6 4(4 
Alo.i Gao.9 NitX/'-f HJi {TyH-7*. 0. 01 
urn) . 3 6 5«4#aft^#FvStt/iI no.i Gao.9 
N/Alo.i Gao.gN (Tyh'-r, #Fff2nm. 
K^4nm, 3'^r) , 366(4Alo.i Gaj.g N 
yt:^-^ HS (ryh'-r, 0. 0 l/xm) , 367{4n 
-Alo.3 Gao.7 N:?^-/ H/l (S i H-7°, 5X1 



0'7cin-3, 0. 3/.£m) , 3 6 8{4n-GaN/Ga 
0.9 Po.i NS1g^®lRJI ( S i K-7-, 1X1013 
cm-3, 0. 4Mm. S^cOitGaN : GaPN=0. 
7:0. 3) , 369{4p-GaNl:»S55^^1(MgK 
-7*. 5X 1 O'^cm-^, 0. lx«m) , 370(4n- 
GaNny^-^M (S i F-7', 1— 3X10i3cm 
-3, 0. lum) . SlUinmnM. 3 7 2(4piim 

[0111] imrnkii. <!K(r)Xoi,z^j:^X\,^h, ^ab 
tCMO C V DffitC j; D P - G a NmSIK^il 3 6 9 ^t' 

L . ^(Tim-mifLmm 359 co±tc-gE7 h y 

y^77^-tJ;0VX^&mL. n-GaN/Ga 
P N@1S^3t©iR® 3 6 8 *^'^l±i-t 1. 1 T-x .y f - y /Sr 
^T^.iKV^t', p-GaN3y^':7M3 7 0S:)S:Rt 
I., ^'^t, ]r|ffit«ffi37 1 . 3 7 2SrmL., -e^O 

[0112] ^mmmmmcom'T-x'it, i^\>m7o 
0 oo\^mtx'(7)^^mf^i^mmtfz. 

[0113] ^fc. m^ii**«&vSWltC>rtLT«ffifc 

mmizmi^x\^s,i]K m^Mmmiimmmx'i,x\>^ 
vm^zi\:'<.mtfiw^\^Mmm ^^x^^htK m^zm^ 
[0114] 1 2 <7)mmmm ) 1 1 8J4, ^m<7) 

mis.^isi-tmmmx'h^. 

[0 1 1 5] I14'<7)38 0{4p-S iCSS. 3 81(4 
p-GaNy\'-y7rJi (Mg K-T, 3 — 5x1 O^Oc 
m-3, 3jj.Jn) . 38 2(4p-GaN3KPRJRii (MgH 
-7", lX10i3cm-3, 0. lum) ^ 383l4p- 
Alo.4 Gao.e N:? 7 -y KS ( M g H-7*, 5X10 
i7cm-3, 0. 3um) . 384{4Alo.3 Gao.7N 
K« (ryH-7-, 0. lum), 3 8 514^* 
»^#FJgttlA 1 0. , Gao.9 N/Alo.2 Gaj.g 
N (ryh'-T, #FW2nni, p?M/¥4nm, 3'< 
7). 3 8 6«4AIo.i Gao.9 N^;^r-f Hil ( TV H 
-7', 0. l//m) , 387{4n-Alo.4 Gaj.g N 
^'7v Kl ( S i h'-7°, 5xl0i7cm-3, 0. 3u 
m) , 388{4n-GaN3ti!5TO (S i H-r, 1~ 
'3X1 0'9cm-3, 0. lum), 389{4p-GaN 
MJSM^m mgV-7\ 5X 1 0i''cm-3. 0. lu 
m) , 3 9 0{4n-GaN3y^'^hJi (Si V-T. 

1-3x1 0'3cni-3. 0. lum), 391(4n(im 
ffi. 3 9 2(4p|Rijm®T'S)l.. 

[0 1 16]imUmi, »:c7)J;o(i>5:-5TV^S. jtfii^ 
{CMO C V D&fc J; 0 P -G a NmS^^S 3 8 9 

L . ^(^mx-wmm 3 8 9 c7)±tc-a57 =)■ h y 

Vi^yy ^-l,zX^-7Xi;ims&L. n-GaN3t©lR 
iI3 8 8*^'siaj-tl>^t'X.y^y^''S:ffd, <J:i'^T\ p 
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l,zmm 3 9 1, 3 9 2 ^JfM L . -ecOfSIf Ml^ct 0 ftffi 

[0117] ^i^mmmmmmnm'fX'ii. t # t^ffi? o 

m AX-m^m^ii 3 7 5 n m . Sslsfll^ - K^iS L . 5 

0 0 0 B$rBi*Tc7)gSi)#i«ii2L^c, 

[01181 ^r*3, ^8~^1 2cO^MmtcfcV^-C. 

mmmmt:^^m^^^xj^icox. mmmx-m 
^txmi'co^mcomfS.iiki^^zt^zxio . mmm^z 

I,, HI 9li^-tJ:3{c. «IWc7)1§^S^*^^tv\6*» 

coimx-m-mimu^mx'i^tnixw zm.. ^ 
m^m^-^i%^iziim-m-^ix\^hmm< , tsi 

mmxnm^j:m'f'mm^mx'hh. ttz. v^-r 

rtT-S)WfEi2 oc7)j: 0 ^zfimmmmmzfti±ifz^ 
tf^. mm-^m\'^fzm^um^zmiiLcr)m-^zx'om 

[0119] (mi 3ff)m&mm) 112 1 ^wmco 
mi3commmmi<zi^hm^^mi^u—fcom<!^mfS. 

[ 0 1 2 0 ] #S^b^fl«±^TMOC VDSt^J; DfSft 

lili-hcOGaN, A 1 GaNJma^W^-JiS*, 7j<ig, 
ry^::^TS:vI^t/cllHmTl 0 0 O'C*^'^ 110 0 

T'7 0 0'C*»f>8 5 O'CiOlEffli: Li^v:, 
[0 1 2 1 ] !14'£7)42 0«i-9-7r^Ta«T\ (00 
01) cffi^fflV-i-CfcO, 1/-- f S7-{i^#llcJ;D 
Je)S;$i^■rv^^. 4 l Ofin-GaNny^^' M (S 

1 h'-r, 1X1 Oi8cm-3) . 4 1 l{Sn-Alo.o8 
Gao.gzN^-^y K/i ( S i F-r, ixlO'^c 
m-3, 0. eum) X'hh, 4 1 2{i^aft^#F1f3t 

(MQW) . Aldf^.yrJi, HlSr-^tfattl 
a5t'S>0, il§0. lx<mOGaN*^<o^l.7t;^''f Hi! 
SrMliltC^L, #Fii(i3nmJfc7)I no.isGao.ssN 
il;!)^<o^r0, >'N''J-Vl{i:JI$6nin«0I nj.ozGao.gs 

ltMQWJii:<7)|gt(i, II$2nmc7)p-A I0.20G 
ao. 80 N{iM$lllAm^i^•CV^S. 
[0 122] ttz. 4 1 3(i:p-A lo.08Gao.92Ni? 
7'y Fl (Mg H-7*. 5xl0'3cm-3, 0. 6x/ 
m) , 4 14{±p-GaN3V:5':J'hffl (Mgh'-T, 
8xl0i3cm-3, 0. 2/^m) T'^^D. S±g8liMg 
$:2x 1 Qi'icm-Hzmm\\L^ixX\--^h. 4 1 StiP 



t/Ti/Pt/Au*><i>^:Sp(iJfl:ffi, 4 16{SSi 
02 f^m*!^, 4 1 7{iC r/'Au*^^>^r|.yN'>y Hfflm 
ffi, 4 18{inffli)i:ffi-C'$)^« 

[ 0 1 2 3 ] 4 1 9\iifmAmm\iz^hh%mLmx\ 

ziy-^^YmAlomzWM^ixXii'O. ^fi*^*^ 
(MQW) tHitS-SSfflUTV^S. #Fl{i3nmWcOI 
no.2oGao.8oNa*>4>^'5, >N'U-tl{i/f $ 6 n mcO 

GaN*>^5^tfi^$^^l.. ^'^mitiomxhh. ck^m 
^•ri. i a , vgi4i<7)#Fiiffl)aic« u-c 5 %n.f&^ < 

^r.SJ;3iS^Uc. S/S. MQWT(i=Sr<|iJlT'I nG 
aNMt LTfig* L/t:!-^, '>xyN:^Bril'[b UJt A\ 
Ga.NiJ-s'J^mtLXMQW<7)^i^l n|M2:8%iy 

ffi^-C-OSEMWJa'^tV^O . 9;umi: Lt^. 

[0124] ^mtmrncomma. <X(Di^ o t lx^^ 

^tlh, t-r. pM3>'^i7M4 14*T'^*S^^ft 
f*. F Srfflv ^^c^ OVi/yy^ -mi b m 

tttSS^^ ^ ct I. F 7 X -y ^ y V ^•C , 
m2 1l,Z^.-tXo^^U-yi^mmiBjS.tl, »:V^T^ fj? 

«ft ( s i 02 ) m?:±mi>zmi&Lfzm. 5ty 

^ -fk^x .y i-y^mi^m mvm^xu -y i^' 

ffjfitrana&^ft, pS«ffi&jefi)t-t?.;tt::J;-5T 
f#^>iX^» U'yS^"<?)g{iJSffir4/^m. S i O2 como 

m^z^^umzm^m^rmm^i'^ o -^tt, yj<¥a^- f 

i^^it^^X\^l. 

[0125] *IIMff^®T'<±. 1 1^ V^ffl6 5 m AT-MfS 

mmtfz. ^mmii4 o 5 nm. ©{^mstis . 
5y x'h'>tz, yz-2^^mim^X'h o , ^^^ps^ti 1 

HT-l OmWSTlf4.iX, ftS3iigS&lgzaS{i;6 0"C, 

fiffitttM LT t mfflt' 1 0 0 0 mWi^xm^^zm^ l 

iaf>c^*$ft{iS««&h-F;^y:?tc*:yx>^' 
Ltzim.X'% htitz . a«{ii3f)Sl3 J: D 5 0 ;« m ^ t'?W 
m^tX^'^h. mSLff) U -y t1i . L # V ^miSiEffl 
{dl 0 0mAi:S<, ^iSsI^iiiaEt 3 0°Ci:{S 

<, ±xim<^^--LX'h'^fz, 

[ 0 1 2 6 ] 02 2\iifmmm^zmtmmnmt 

ifzih(r>mx'hh > mm^zmm^h<n^Lwn. »c 

• A-:?-y (FFP) tnftmi. t'-A^#tt?:^^L.TV^ 
(i, vg'l41*^<i.L^I±lLJt3t*^'i'H|iJc7)3y:5'^ M^rt' 

\,zmm^Kh. x^miWM^M-mim^-thfzihX'h 
^. cilCML. pijm®^?sttiit;m<)i£i.^fiffl 

(m2\(nmmm.<ni:oi<zo. 9jj.mWS.) th:it 
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[0127] m.m<r)m.\t. h'-A^tt^r)^^, 

LV\ mQi^<r)J-^y:>^-9tLXhm^^x.hfihtK 

imimmx'^^LfzXo\,z%mL^^m-^t\ t^^± 
x<nmmm.(n^m^^^m-ht. ^:.&^<#Fa{i 

l(^MQWg|5<7)-?-iai:f5lbCLT. ff^^traSLTiie 

[0 12 8] {^\A(^%mm.)m2^\t■^wm'^ 
^■fmmmx:hh. ^fe, 02 1 tisi-sE^H^fiisi-^? 

[0129] S*6^^r«Bic{i3tW^ 1 3 co^MJ^ffi t ^ 

3 90«igSl/12Beac*l.. iP*>. 7t®lK/l4 3 9 
(SMQWffijt^rgjfflL, #F«{i3nmffc7)I n0.20G 
a0.80Nil*>(o'5:'5. A'iJ-t'J|{i;f§6 nmc7)GaN!()^ 

#FJi«i2os-c'$)S, *»Mmit- 

(i, niMffi<^ay^':7hgEt3t®iRil4 3 9*5;^tiiL 
TteO. 3fcCRlR«4 3 9mffi3y:^'i?hSrffil.>Ii:*»' 

[0130] SfiT'iO L# V^mgifiJilg 1 3<:0||ffi^jt 

f^J±*«4. 5VtffiMt'^/c/cJ6, SiS3Iggl6ii?affi 
(i 6 0 'C«^ 8 0 r * T-ft < -t I. i: **T'# . ftUtt 
t *^"^tgt^O , 5 Ort" 10 0 0 

^mxi.'Simzmm i. l . 

[0131] (^1 ScOHSSff^SI) 112 4{i. ^IgHJc;) 

m 1 5 (nmmmzi^hh Wfe*®* — tf co)IiJ&*i)S; 

[0 132] ia4'4 5 0(in-GaNr3y^:7 M (S 
i K-r. lX10i8cm-3) , 4 5 Kin-A 1 0.08 
Gao.92N^'7 7 H/i (S i F-7', IxiO'^c 
m-3, 0. . 4 5 2(±^aft^#FfiS3t (MQ 

W) , A 1 dfA-y^'Ji, 3t;y'f HlSr^tfvSttii95t'$) 
O,i5$0. ljumC7)GaNA>/i,5:l.7K;y'f HiilriMi) 
tC^t, #F««i:3nmi|C«7)I n,. 15G ao. sbNil*^^) 
^rO. ^N'U-^Ji{i/f$6nm<?)I no.o2Gao.98N*^f> 
m^'^iih. #Fl{i:5ilT'$)S. Pfflij<7);<?>( KJlfcM 
QWilhcorBlWi, ff$2 nm<7)p-A lo.2cGa|,.9o 
N^)iii$M;i*^J¥A$itTV^|,. 4 5 3«ip-A 1 0.08 



Gao.92N^'7x Hil (Mg F-r, SXlO'^c 
m-3, 0. 6x/ra), 4 54«ip-GaN3>^'i?hii 
(MgH-7°, 8xl0iScm-3, 0. 2//m)-C'J)0, 
S:±^{iM g Sr 2 X 1 O^" c m-^fc^aiS-ft^ixTV^ 
I., 4 5 7{4Pt/Ti/Pt/Au*>/i>^|.piJl;lB 

[ 0 1 3 3 ] 4 5 9\f^mm,z\^hh%mMx:h 

0, ^a4^#F (MQW) :^jg&JRfflLTV>|>, #F 
Jl(i3nmJS:<7)I no.zoGao.aoNS^^^^rO. ''^'y-^' 
S(±lI§6nmc7)GaN*^/i>tt)S$tll., #FS{i; 1 0 

«T'?)S<. #m-fbft/iJ4^-ci^i 3, w-iAommm. 

|5l«T'$)-i.. 

[0134] 46it459t nm^iz^wmxh o , 

nSMQW^Jt (#Fil : 3 nmJfcOS i - I no.2oG 
ao.soN. >'N"UT1 : /I§6nmiOS i -GaN, #F 
iltilO®) *^A,^:'3'?-t^_ht"P-GaN3y^^'hJl 
462 (Mgh'-T, 8X10i9cm-3, 0. 5;um) 
JrjSftLT'c, 46 1, 4 6 2{iM0CVDtCj;SStKJjS; 
:ft$rfflV^Tf^Oo(tJt„ lgJS«i:8 0 Ort Lfz. 

[0135] -ifmmwmr^^t. m^-Ymm(r)m 

[6]± Lf^ . *ll)!fUe.^T'<i: . L V ^ffl 7 5 m Af^ffljl 
M^ffit^v:. %«:R{44 0 5 n mmmt 5 . 5 

vx'h-ofz. ^L-mmtm^xh o . o 9 5% 
mLX'imms. 1 0 n mim(nmtim^fifz . 

[0 136] >5rfc. ifWrniMLtzmi 3-^1 5£7) 

•CSiC^rftSfflBiti-c. II-VI Mt^WS*. S 

1, Ge^:i;-&fflV^Ti>^V\ ^ ^Tli^i^^illrA 1 G 
aNtLTiaa Lfc^n n. Ti , Si, C, N i^f 

mmh\y~^(^L%\mzmmm^tts:^^i:><r) 
x'hfo,m^<^mm^^mx'hh. ^cr,(&. mmm 

[0137] (§116 comtmm ) :itiim<,z^-tmm 
mm (mi 6-^1 8) t'«±, mwrmzi nCaA i 
t^m^^-th \y—fmmzi5\^x . mffitg-^spuA s . 

PXISAs tP2r|5]BtC-&tf I nGaA 1 NlSrffM-T 

1.*^ zffimm^m^hztt^^t^^MM^^o, 112 
> 7 rmm^-^mm^z^ i , com':^im ^ h t 
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[ 0 1 3 8 ] 12 6{i, :^%m<om 1 6 cr>mtmmi>zi^ 
[oi3 9]m^5 2Hi-vy7^Tmwi.X'h'o. 52 

2{inSGaN;i, 5 2 3{inSA 1 GaN^77 H 
1. 5 2 4l,i7>'V-rGaN^iff^ ¥m. 5 2 5{il 
nGaN/I nGaN*»4>^|.S?-#FlT'25l>. 52 
6(ipSGaN7fe;{7M HI. 5 2 7(ipSA i G a 
7 '/FIT'*!.. 5 2 8. 5 2 9{i:^il-etL. ntpco 

[0140] ^ t'««*filBS;tli!]D;c*^te?^BT' 

1, 5 0 2^iStfCV^|>, 501{i;. nSGaNAsil 
T*D, 5 0 2{ipSGaNAsfl-CJ)l.<. feeWftt^ 
{iMOCVDSrffifflLTiJD, 50 1. 502cO#lS: 
jj5;^§^§B#c7)^^:ft?ag5:fl!j(7)ll(cML2 0 OS<g< 

[0141] *iitsjg®<:o^— rTi±, ^^mmtrn 

±iSffifiRi^^— fcT^L^V-ittfil kA/cm2 T'SiO. 
ts£*c7) I/SIMTC^-'TV^'I.. 
[0 142] (mi 7c7)^)tfi^») [12 7{i, *^BflcO 
111 7 c^*JimiW^;bl.^^«sl/-if cO«tB&mfi!c^^n 

[ 0 1 4 3 ] 14" 5 3 1 7-^ 7a«t'$> 0,53 
2{inaGaNJi, 5 3 3{inSA 1 GaN:?^ / K 

5 34{ir>-h'-7"GaN3t>if'^ HI. 5 3 5J5I 
nGaN/I nGaN3!)^<^^|,4-?#FlT'J>l>. 53 
6{ipMGaN5£;iy^ Hil, 5 3 7(±pSA 1 Ga N:? 
5'/FH, 5 38. 5 3 9{i:-?-ix-fix, nbp(r>%m.X' 
^O, P««i3/imi|@ti3;$^LTV'>|,. 
[0144] 5 0 3{±nMGaNPjl-C'S)0, 504{i 
pSGaNPlT'$).|.. ?afB)S:ft{iMOCVDSrffifflL 
TfcO, 5 0 3. 5 0Aff)^mi^^^^m(O?i-^^ 

m.^^<^mznL2oo&^<Lx\^h> ^<nm'mcr> 

V~i'<r)l,^\M^i. lkA/cm2 ta!*«01 
/5l.MTK^-5Tl^l>. 

[0 14 5] (^IScOHteJgffi) ia2 8{i, *i%Hj<7) 

irmmmx'hh. 

[ 0 1 4 6 ] 5 4 1 \,t^7r^7mWLX'h 0,54 
2tinaGaNji, 54 3linaA 1 GaN:?^ / H 
m, 5 4 4{ir>H-rGaN^;^^ HI, 54 5{il 
nGaN/I nGaNA»f>^|,t^#FlT-$>l., 54 



6{ipSGaN3t;*M Kl, 54 7(ipSA 1 GaN^ 
5yKJl, 54 8. 5 A 9\i^iX^'tl. nbP<r>WtkX' 
pl;ffi{i;3^tm^i^Ci^^LTV^|>, 

[0147] 5 0 5«inai nGaNAsPlT'S>0, 
5 06(JpSI nGaNAs P;i-CS).|). JSfelS^SiiM 
OCDSrffifflLTfcO, 5 0 5, 5 0 6<7)#lS:)tft$ 
■^|.B#o;^)«:iaKS:fl!2c0^t*^t2 0 0Sffi< LTV^ 

Z<r)im.<n\^-^<^L%^ABt. lkA/cni2 
S)0, iie*c7)i/5OTt^rorv^^. 

[0 148] ^fc, WJ{i±3it?tmi 6~mi8^ 

i:L-TGaN?^2:ffll,^/i;6\ {tfttiEtTiSS^M^tg 
[0149] (^ 1 9 C0»fim^) 112 9ii, *^BjiO 

mi 9oiitem^t<^i5i>^^fti/— fom^itjt^* 

[0 1 50] -tf^r-^T^^ie 1 OtC, GaN*»^>^r 
|)A'-y7rl6 1 1, S i F-7'c7)n-GaN*>f>^:l. 
nS^y^-i? M6 1 2, S i K-7°<7)n-GaA 1 N 
*^tb^rl.nffi^'7>y Kil6 1 3, S i F-r(7)n-Ga 
N;i!)>^>^i, na;?:7'>f Kfl6 1 4, J^yY^^ •y7-X;T-;L' 
df'-*m^ 0 , ^iX^flOiW-^t'^ 1 0 n miilTcT) 2aS 
nA 1 GaNiii7)^0igLTlSjS$iXl>jilW«jH:6> 
^.^r§^aft^#F«ji*»^5:-I.MQW?gttfl6 15, 
Mg H-7°C^p-GaN*^t^|)pS;i?'f Fil6 1 6, 
Mg K-rc7)p-A 1 GaN;<)^^,^l.pS^5'7 7 HS6 
17, Mg F-rc7)GaN*^<^^|>pS3y^^' M6 
1 8, $^>t-ecO±g|5tCp|IlJlffi6 2 2*^Bjji(;sn-cc^ 

tznmziy-?9Vmb 1 2«0^®W±ni|ltfii6 2 1*^' 

[0151] i^T'. Pffl;<7'^ H«6 16, pfffl:?7>y 
Ffl6 1 7 , pffl^y:?^? hl6 1 StoViTJi:, iX^O 
J; a {cJI^ ^IS^-ri. . P fflJ;*'^ Fii 6 1 6 «i 0 . IfjL 
mt-rS. p(iJ^5-y F«6 1 7ti:A 1 ijGao.sjN 
$0. 05/imKJlTtL, «B5LTtJ:^\ Pil^y^' 
:?M6 18{±GaN2:0. 0 5 AimJilTi: L, «-B&L 

[0152] :^%mmm(r>i: 3 1 7 7 7 HI 6 1 7 & 
C. 0 5/^mmTtLfcit^, 113 0{c^tJ:p(::^-v 
•J 7:^-J^-yu-i)^'^ y -v mifW-^'^^l^zM^LX 

[0 153] ttz. tJ!*FFP(i:ll3 3«0j:3tC^«i*'H: 
iJr^-fo #'?r(ip-GaN3y^':? hji6 1 8, n-G 
aNr?y:?^ N;i6 1 203^gBt.a«6lC>pfiEL.7^^h--^' 
$:^LTV^I.. L*-L, *^M^®t3j;5J;3tip-G 
aNay^'^' h6 1 8S:?i<-tl)C:i:lCj:D, 1134^7) 
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j;^tCFFP{i#iii$-(b-ri.. 

2 0 n mim<Dm^x'm^mm^m l , ^col^\, mi 

1 k A/c m2 JJITT J) 0 , ^fvlP— tf^iitfctti. F 
FPfimmtfSioTt:, 

[0155] m2 omtmm) <x^z. :^?hmcom2 
1 9 2 9 1 mmx'h d , c: 

iti:S^.?.^Sr{i, pS^y-f KJ16 16, pS^'^vFI 
6 17, pS3y:J'i?hl6 1 8<7)1iR!tt'3^)l.. 
[0156] Zixi^cr)19l>Z':>\>^Xli. <XcoX o t/f § S- 
WC^-fh. tr, Pim-^ KJ16 1 6(i0 . 02Mm&. 
Ttt. 'mbXi^X^\ Pilli77-yK16 17(iAl 

0. 1sGao.ssNSrO. 35utnftl. pM^y^^h 
S6 1 StiGaNSrO. 0 5/imlilTt L, ^B&LTij 

[0157] 7^mmmmi>zi5i,i-hXo i^zn-i Ha6 1 6 

iO. 0 2 ;u mUXTl-Z Ltz^^. 03 0 t^l" i 3 tc^ 
ffiiHi^ii^ , JiLhcT) J; ^ LT#:t*?f frl^-if {i4 2 

0 n m#iecojS:SX'saaM^*g l . o l ^ mt i 

[0 158] (§12 ICOHJIJ^S) iXt::, *^Bjc;)^2 

m^mmiw. 1 9 ^hm^ct)!! 2 9 1 mm-h 0 , ; 
[0159] if■mmm\.zii^1^h pm.^'^ me 1 6 

(i. Mg F-rcOp-A 1 GaNXti I nGaN*>^,=5r 
■1.0 BB*>. pffMM Fii6 1 e^O^MJlGaNt-yr-f , 
In^5%I.:JUi. XJiAl ^5%m:i:-rS. Pffllny. 
^^'M6 ISJiGaN^rO. 0 5A(mOTt L 

[0 160] m3 2liZi5\^Xt'-i YMW^iGa-ntPh 
^ttz^<7)^^r UT:t-^N'-7O-e0tf-g:fSII$rS^ 

j-^-yu-ffiim^ixh^tmti'h. Z.fi\i. HAY 
IM^^'A 1 GaN(^ii^{iStt;ii:;^'-^ K^OA-td 
PfM*5;^#<=5:S::i:*>';>, ifc;{f-< FJifflfig«n nG 
aN£^ii-^(±;y-< Ymt^y-v Hilt eOA.roP$ffi*S:^ 
< ^ !> ^ ^ ^ A- U r Jl-- A- 7 D $ iiT 

[0161] itfOidtcl^l 9~2 \ o^%mM^zi.ti 
(f. pS;**"^ FiiX{ipS^'7 7HJI$rfi<U, A^op 

1, pm^y^9hmi<ziinh%mt'm\m.^mioL 



^ a-^comm^z^-tmL # v^€, ffimEt-iifiH l , 

[0162] 

imcomm &jjmuzXdi,z:^WMizxixif, "7 
[ 0 1 6 3 ] j; ^mmz\i. mmmmhfci^<r) 

OilT'^L^t- ( 1 ) cr)Wn<,z^mi. ^7')V^ 

G a N^cO^ttRIRaXiiatff^cOffiV^A 1 G a N^cOffi 

0Jt. FFPc7)#l*-ftS:TOc-tl.>Ifc*^T'l'. CliltC 

[0164] ( 2 ) (DWmi. ^Sttii^fi^t^^«tt<7) 
M^Srl.^'^ v Ff c7)J^hffltc%«tc@aj|^3fcPSJRl^iS 
nhZ.hl,Z^^im^- F (iR^iS TS, I. *\ 7 -y F 

*^'^^lill:^l^tSfi(c=5r D , F F PJiWtc^r oaolii: 

0 ft . $ ^zm^^mm^'h^ <-th^b 

[0165] ( 3 ) <r)Wmi.ti<,f. ryyi/A.xoffiit 
x;t^;l/df-j; 0 F^> •y7°x^-/l'^-S:Jto 

-!f^«B#t3t&fflt2=*?)^-F*^A*>^<^|.. iixt 
.to, 3feT-fX^'-^^— !f7*Dvx^;?'tffll>'o-h.l>F 
F P*n Sr^^ow— »f SrHStS c: t 

[0166] ( 4 ) <7)l|BJtc;J;ixH\ vSttSco/N'y F^f 
■V77-j:'9t,/h§VVN'yF^^ -yTi^th I nSr-^tf 

[01671 ( 5 ) <7)5gBJt J;tL(f , mSTSPt A s , 
P^-i-tf I nGaA 1 N^COny^?:? Fffl^rffM-tl.:: 

ttcio, v^ttJltm^sa5k^c::'c&^^^'yF^+ 77-11 

[0168] ( 6 ) iO^H^tCctnti', pfflj^y^ FlXJi 



I 



(17) 11-251685 



(Ell ] igi(^iis(gmiws*5i.^^{*^— if'o^^m 

[112 ] jfi^iiffg ( NF p ) cDiaafiSi^tt^jj^-rii. 
[113 ] ^mmmmm-mmm^mifcm'^c^ 

[134 ] ^mmc^mmm ( f f p ) t ^^a^tfe^t 

|,FFPtS-i;b«LT^1-ll. 

[135 ] v^mmcod:mzx^L^\'^mcib^ 

[136 ] m 1 colltlJgffifciottl.*^*!^— f'tfev-i 

[137 ] m2ff)mtmmizi^hh^i>^u-fm'i'm 
[139 ] m4comimmi,zmhh^m#u-i'<m^m 

[131 1 ] ^6co^)lfeJg®tlf^i).|.Wfe*»#:L--1f O 
[131 2] m7c7)^tem^t:<^t)l.»€i^«*^— 

mi 3] m8<r)mmmmizi^hh^-^^wi--^'<^ 
imi 4] m9(7)mmmmi,zmhm^^mwi^'-^'<^ 
[01 5] mi ocommmmiz^hi^^^i^\y-i' 

[0171^1 icommm^zi^hh'^^^mi^u-^ 

[01 8] mi 20^W.®WSi5l.Wfe¥^f*:U-1f 

[02 0 ] m-^mcommittmi^^T^-tm. 
[02 1 ] mi 3<^mimmmhhn^^mi^\y-^ 

[02 2 ] mi 3<7)mtmmcoM.mm°a-r^fctfjco 



0. 

[02 3 ] ^1 4cr)mmmm^zmhh^&^mi^]y-^ 
[02 4] mi scomtmmmhh^^^^mi^i^-^ 
[02 5 ] mi 6-1 8<r)^mmizm^mmm 
[02 6] ^1 6cr,mtmBmhh^mi^u-i'<7)m 
[02 7 ] mi 7<7)mmmi>zi^t>^^mp^\^-i'<Dm 
[02 8 ] m 1 8cr,mmmm^zi^ibi^mi^u-i-'cr>m 
[02 9 ] mi 9comtmmi,zi^h^^mi^i'—f(r>m 

[03 0] ^■v'JT3^-->'^'-70-(7)^7 7•y KJIJIftff 
142:^1-0, 

[03 1 ] ^^'Jr:t->^-7a-^0^'-^ h'JlifftStt 

[03 2 ] Ur:t->'N'-7n-co*M h'^ffifiglffii? 

[03 3] S!*lg3ttIi3{tS 1^- ifl&iitOF F P Sr^^-r 
0« 

[03 4 ] m 1 ecnmummi^zani u~^^m<^F f 

PSrS^-TH, 
[^^■^coSiaB] 
1 1 0--^yr-{7mU 
1 1 l-GaNA'y^rS 
1 1 2-n-GaN3y^7hil 
113-n-InGa NXJiA 1 G a N3t^-Sq£- YM 

mm 

1 14-n-I nGaN3tlSIRil 

1 1 5"-n-A 1 GaN:75 y VIS 

1 1 6--n-GaNX{±I nGaN;iJ/"^ FJl 

1 1 7-n-A 1 GaNjiMfSii 

1 18-1 nGaN-MQWvgfiii 

1 19-p-AlGaNOTfMii 

1 20-"P-GaNX{i:I nGaN^^ 

1 2 1- -P -A 1 Ga.N9y-y Hi! 

1 22-p- I nGaN3tlRlRl 

1 23-"P-GaN3y:5'i?I>l 

124--P-I nGaNXJiAl GaN3t2^iS^-HSlJ 

mm 

1 2 5-Piimffi 

1 2 6-ni|l|ffi 

1 2 7-n-GaNXfiA 1 Ga Nl;»a7'a 
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n-GaN n-AlGoN 

MOW a'^^'^'K 



[04] 




_20*> 0* 20* ^i£:^fSiWJft 
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351 

350>srzzZZZ^ZZZ 
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346 -ii 
345 

344-^ 
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-341 
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me] 
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MOW 
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n-AlGoN 



>123 p-6aN 



-I22p-lnGQN 
-121 
.120 
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4-123 
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n-GaN 



J 12 
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p-GaN 



MOW 



n-6aN 



n-AJ-GoN 
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^120 
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1 - I. 




.123 
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^122 p-In6aN 
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120 
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.18 

-117 n-AiGaN 
-116 
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Ezzzzzzzar 



n-GaN 
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123 

124 p-mWGaN 
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.216 



||3n-lnAlGaJ^ 
^ll4n-lnGaN / 

[26 
^112 
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[[1123 



216 
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[[125] 



CI1I26] 



[027] 
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Eg 



526- 
524- 
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502^ JL .527 



y^'^ 528 
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^522 
-521 



[029] 



539 

H2^»^504 





^535 
/-534^ 









538 

—503 
"^532 
--53I 



[H2S] 



549 P-'S^i 



p -GqN 546 
n-GaN 544' 
n-AiGoN 543' 



506p-InGQNAsP 
547p-Ai6QN 

545 InGaNMOW 

548 n --Sffi 



JCZZZZZ^ 



622- 
SIS- 
617-' 
616- 
615- 
614- 
613- 



-505 n-InGaNAsP 6|2_ 
-542 n-GaN 

-54(1^-77^7 en- 



n-GaN 
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^p-GaN 
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[031] 



In20%/5%MQW 1 o^t 
Ail5% K/a 




p=5x!0'^cm'^ 



p=lxlO'^cm*^ 



O.I . , , 0.2 
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[032] 
p'lxlO'Bcin^ 




InaD%/5%M0Wl0'^T 
Ail5% ^^yVM 
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[034] 




tili^jiimjiWrU#E/hi*iKSieii#ii!i 1* 

»^iiimjiWTii^E/jNiS]m^iii#tt!j m 



(72) ^B^* 
(12) mn^ 

3fi^m^mm%-ty:$'-[H 
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